Objective: The aim of this study is to analyse the clinical symptoms, follow-up and treatment properties of the laryngomalacia patients that we encountered between 2009 and 2014.
Introduction
Laryngomalacia is the most common congenital laryngeal anomaly during childhood. The diagnosis, treatment, and follow-up processes of laryngomalacia, which is the most frequent cause of stridor in newborns and infants, are important for families and physicians (1) (2) (3) . Infants with laryngomalacia mostly present with complaints such as wheezing, feeding problems, and coarse voice. In a few cases that are not appropriately treated, important problems such as serious growth retardation, recurrent aspiration pneumonia, pulmonary hypertension, and cor pulmonale can occur (1, 3) .
Symptoms develop because of the collapse of the supraglottic structures in the laryngeal lumen during inspirium. Although the cause of this collapse may be attributed to the short aryepiglottic folds, anatomical factors such as the structure of the epiglottis, and easily flexible characteristics of immature cartilage tissues, the widely accepted cause currently is the neurological theory (1) (2) (3) (4) (5) . It is suggested that decreased laryngeal tonus associated with sensorimotor dysfunction and particularly elevated thresholds of the laryngeal adductor reflex lead to the development of laryngomalacia (2, 6, 7) .
This study aimed to present the symptoms, treatments, and follow-ups of patients with laryngomalacia who were undergoing treatment at our clinic for a 6-year period and to discuss the case with respect to the current literature.
Methods
The study was initiated after receiving ethical approval from the noninvasive research ethics board of Dokuz Eylül University (file no, GOA-233 and decision no, 2015/24-17). Medical records of patients who visited the Department of Otorhinolaryngology in Dokuz Eylül University between January 2009 and December 2014 and who were diagnosed with laryngomalacia after a fiberoptic flexible endoscopic examination were retrospectively analyzed. Patients were evaluated in terms of gender, age, symptoms, onset and cessation times of symptoms, accompanying congenital laryngeal anomalies, other coexisting non-laryngeal anomalies or diseases, and durations of follow-up and treatment.
Patients diagnosed with laryngomalacia were asked to visit our outpatient clinic for routine control examinations with fiberoptic flexible endoscopy at 3-month intervals. They were referred to the Department of Pediatric Gastroenterology for evaluation in terms of reflux and growth. The frequency of follow-up was increased in patients who had severe laryngomalacia in the first examination or who had deteriorated respiratory distress during follow-ups and who had apparent growth retardation. These patients were followed up at 1-month intervals. Patients whose minimum follow-up was shorter than 3 months were excluded.
Results
Between January 2009 and December 2014, 88 patients were diagnosed with laryngomalacia at our clinic. We included 81 patients who were followed up for at least 3 months (Table 1) .
Laryngeal pathologies along with laryngomalacia were observed in three (3.7%) of 81 patients. While one patient had unilateral vocal cord paralysis and another had bilateral vocal cord paralysis, subglottic stenosis coexisting with laryngomalacia was observed in one patient having a history of prolonged intubation. Moreover, two patients had simultaneous bilateral choanal atresia.
Seventy-five of 81 patients were followed up with recommendations, and it was observed that their symptoms regressed in approximately 8.2 months of follow-up from the first admission. Two patients, who were evaluated in this group and who did not undergo any laryngeal intervention, underwent surgery because of simultaneous bilateral choanal atresia. Supraglottoplasty was performed in three patients who were followed up with a conservative approach but who had growth retardation and progression in their symptoms. The ages of these patients were 1.5, 2, and 14 months, respectively. The common finding of these three patients was short aryepiglottic folds. During surgeries of these patients, after administering muscle relaxants, the subglottic region and trachea were evaluated using a 2.7-cm rigid endoscope without intubation. After ensuring the absence of additional laryngeal anomalies, aryepiglottic folds that were present at the base of the epiglottis were cut using microscissors. No increase in aspiration and respiratory distress was observed in any patient during the postoperative period. Few days after the surgery, a dramatic improvement in symptoms was observed. Treatment for reflux was initiated in the three patients by the Department of Pediatric Gastroenterology before the surgery. These patients continued to receive this treatment for 3 months after the surgery. After follow-up with tracheotomy, unilateral posterior cordotomy was performed in a 2-year-old patient having bilateral vocal cord paralysis and laryngomalacia for a year. In the follow-up of the patient who was decanulated without any problem on the 30th day after the surgery, symptoms were observed to have regressed, and there was no complaint associated with aspiration. Supraglottoplasty was not performed during posterior cordotomy in this patient whose laryngomalacia signs were regressed during the time in which the patient was followed up through tracheotomy. Conversely, tracheotomy was performed in two patients of our patient group. The first was a patient having dextrocardia and pulmonary hypertension along with laryngomalacia. This patient, who continues to need a mechanical ventilator and has underlying pulmonary problems, is still being followed up with tracheotomy. The other patient had subglottic stenosis with laryngomalacia. After performing tracheotomy in this patient, surgery for stenosis was recommended; however, the parents did not accept the recommendation, and the patient was excluded from our follow-up process.
Discussion
Laryngomalacia is the most frequent cause of stridor in newborns and infants and is the underlying reason in 60 to 75% of cases with stridor (3, 8) . Its incidence is reported to be 1.6 times higher in boys than in girls (1, 9) . The symptoms that start a few weeks after the birth reach its peak in the first 4-8 months, and they are relieved at the age of approximately 1 year and completely disappear in 24 months in most cases (1, 3, 10, 11) . Consistent with the literature, we observed that our patients were admitted to our clinic when their symptoms were at the peak level (average, 4.9 months), and the complaints of the patients, who were conservatively followed up, either regressed to a great extent in approximately 8.2 months after the first admission or completely healed.
Gastroesophageal or laryngopharyngeal reflux is the most common comorbidity accompanying laryngomalacia, and its incidence varies between 65% and 100% (1, 3) . It has been reported that reflux directly contributes to the development of laryngomalacia, and reflex thresholds of laryngeal adductor increase with the exposure of chemoreceptors in the laryngeal mucosa to chronic acid (2). Moreover, it is considered that inflammation and mucosal edema associated with reflux result in airway obstruction (12) . According to another study, a great negative intrathoracic pressure occurs because of upper airway obstruction in patients with laryngomalacia (11) . Reflux-induced feeding problems can develop in a wide range, including cough during feeding, aspiration pneumonias recurring because of regurgitation, and growth and developmental retardation (1, 3). All patients who were diagnosed with laryngomalacia at our clinic were referred to the Department of Pediatric Gastroenterology for monitoring their growth and development and planning their treatments for reflux. The parents of patients were informed about some suggestions such as breastfeeding in the vertical position, thickening the baby formula, and feeding slowly, which would reduce reflux.
All our patients had feeding problems at various levels, but this situation was particularly apparent in 24 patients. Twenty-two patients (27.16%) were followed up for cyanosis attacks that sometimes occurred, and two patients (2.46%) were followed up for recurrent aspiration pneumonias, and their treatments were planned. Supraglottoplasty was performed in three patients whose symptoms did not improve despite conservative precautions and who developed growth retardation. The complaints of other patients were relieved with conservative approaches and medical treatment.
It should be noted that laryngomalacia is the most common congenital laryngeal anomaly during childhood, but there may be other coexisting airway problems. Some studies have reported that other airway pathologies can accompany laryngomalacia at rates varying from 7.5% to 64% (13) (14) (15) (16) (17) (18) (19) . In particular, tracheomalacia, subglottic stenosis, and vocal cord paralysis are leading pathologies. In our series, comorbid laryngeal anomalies were found in only three patients (3.7%); vocal cord paralysis in two patients and subglottic stenosis in one. This rate is lower than that reported in the literature. This might have resulted from the fact that direct laryngoscopic examination was performed only in patients with serious laryngomalacia symptoms. The diagnoses of some minor airway problems, including mild tracheomalacia or early stage subglottic stenosis, might not have been established because direct laryngoscopy was not performed in every patient. However, the need for direct laryngoscopy even in patients who have mild-to-moderate laryngomalacia and whose symptoms improved with positive response to conservative treatment is controversial (3). Moreover, although the incidence of coexisting airway problems was reported to be high in the literature, Mancuso et al. (13) specified that additional intervention was required only in 4.7% of these patients.
In most of patients, symptoms associated with laryngomalacia regress within the first year with the growth of the child and conservative follow-up treatment, and they disappear in most patients in 2 years. However, surgical treatment is considered for patients at a rate varying between 4.2% and 20% (10, 12) . The probability of the need for surgical treatment is stated to be higher in patients with a history of prematurity, early onset of symptoms, and admission to the emergency unit with serious respiratory distress compared with other patients with laryngomalacia (10, 20) . Garritano and Carr (12) , who performed supraglottoplasty in 17 patients, reported that aryepiglottic folds were short in 16 patients, the situation of the epiglottis was turned toward the posterior, and the need for supraglottoplasty could be high in patients with short aryepiglottic folds.
Thompson (21) stated that severe laryngomalacia could be mentioned in the presence of inspiratory stridor accompanied with cyanosis and apnea, oxygen saturation level of 86% and lower at rest, recurrent aspirations, and growth-developmental retardation. Furthermore, they emphasized that these patients were candidates for surgery. While conservative follow-up was sufficient for 75 (92.59%) of 81 patients with laryngomalacia, supraglottoplasty was performed in three patients (3.7%) because of progressed symptoms during follow-up, development of cyanosis attacks while feeding, and occurrence of growth-developmental retardation.
Tracheotomy is an appropriate treatment choice in patients with no improvement in their symptoms despite supraglottoplasty or with other comorbid airway problems (3). Of our patients, three (3.7%) underwent tracheotomy. In one patient, bilateral vocal cord paralysis with laryngomalacia was the cause. While posterior cordotomy was performed in the patient whose vocal cord paralysis persisted during the 1-year follow-up, decanulation was subsequently possible. Tracheotomy was performed because of coexisting pulmonary disease in one patient and coexisting subglottic stenosis in another patient.
In the national literature review, no original study, except one reporting the results of supraglottoplasty, was found about laryngomalacia (5) . Considering this point, our study is one of the first ones in our country on the follow-up and treatment processes in a large series of patients with laryngomalacia.
Conclusion
Laryngomalacia is the most common cause of stridor in the neonatal period and during infancy. All patients should be closely followed up in terms of both the severity of symptoms associated with reflux and respiration and growth. Conservative approaches and close follow-up are adequate in most patients. Patients with increased respiratory symptoms and developed growth retardation during follow-up are appropriate candidates for supraglottoplasty. Conversely, tracheotomy may be required in patients with other airway problems accompanying laryngomalacia and with systemic comorbidities.
Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of Dokuz Eylül University Noninvasive Research Ethics Board (GOA-233, 2015/24-17).
Informed Consent: Informed consent was not received due to the retrospective nature of the study.
Peer-review:
Externally peer-reviewed. 
